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ABSTRACT
Background
Endoscopic screening has been proposed for patients with symptoms of
gastro-oesophageal reflux disease (GERD) in the hope of reducing mortality
from oesophageal adenocarcinoma. Assessing the net benefits of such a
strategy requires a precise understanding of the cancer risk in the screened
population.
Aim
To estimate precisely the association between symptoms of GERD and
oesophageal adenocarcinoma.
Methods
Systematic review and meta-analysis of population-based studies with strict
ascertainment of exposure and outcomes.
Results
Five eligible studies were identified. At least weekly symptoms of GERD
increased the odds of oesophageal adenocarcinoma fivefold (odds
ratio = 4.92; 95% confidence interval = 3.90, 6.22), and daily symptoms
increased the odds sevenfold (random effects summary odds ratio = 7.40,
95% confidence interval = 4.94, 11.1), each compared with individuals with-
out symptoms or less frequent symptoms. Duration of symptoms was also
associated with oesophageal adenocarcinoma, but with very heterogeneous
results, and unclear thresholds.
Conclusions
Frequent GERD symptoms are strongly associated with oesophageal adeno-
carcinoma. These results should be useful in developing epidemiological
models of the development of oesophageal adenocarcinoma, and in models
of interventions aimed at reducing mortality from this cancer.
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INTRODUCTION
Oesophageal adenocarcinoma is a particularly deadly
neoplasm, and its incidence is rising rapidly in Western-
ized countries.1, 2 Risk factors for oesophageal adenocar-
cinoma include symptoms of gastro-oesophageal reflux
disease, as well as white race, male gender, abdominal
obesity and tobacco use.3–7 Some subspecialty guidelines
have advocated endoscopic screening of patients with
gastro-oesophageal reflux disease in an attempt to reduce
mortality from oesophageal adenocarcinoma.8–10 The
United States Institute of Medicine recently published a
list of priorities for comparative-effectiveness research;
within the top 25 priorities was to compare the effective-
ness of upper endoscopy utilization in patients with
gastro-oesophageal reflux disease on the diagnosis of
oesophageal adenocarcinoma.11 In addition to knowledge
regarding the efficacy and adverse effects of a screening
and endoscopic prevention strategy, assessing the net
benefits of a screening strategy requires a precise under-
standing of the risk of cancer in the screened population,
in this case patients with gastro-oesophageal reflux dis-
ease. Therefore, we aimed to estimate precisely the asso-
ciation between symptoms of gastro-oesophageal reflux
disease and oesophageal adenocarcinoma by conducting
a systematic review of the published literature and a
meta-analysis of results.
METHODS
We performed a systematic literature search in MED-
LINE (1950–August 2008), EMBASE (1947–August
2008), Web of Science (1900–August 2008), Cochrane
Central Register of Controlled Trials (3rd Quarter 2008),
BIOSIS preview (1926-August 2008), Data Abstracts of
Review of Effect (3rd Quarter 2008) and ACP Journal
Club (1991- August 2008) to identify studies evaluating
the association of oesophageal adenocarcinoma with
symptoms of gastro-oesophageal reflux disease, without
regard to language of the publication. Medical subject
headings for our literature review included [‘gastroesoph-
ageal reflux’, or ‘GERD’, or ‘oesophageal reflux’, or
‘oesophagitis’, or ‘heartburn’, or ‘pyrosis’, or ‘regurgita-
tion’] and [‘oesophageal neoplasm’, or ‘adenocarcinoma’,
or ‘carcinoma’, or ‘Barrett*’, or ‘metaplasia’, or ‘metaplas-
tic’]. This process included electronic searching of sup-
plemental abstracts published in Gastroenterology and
Gut. Supplemental abstracts from the American Journal
of Gastroenterology between the years 2000 and 2008
were manually searched for relevant studies. Both Ameri-
can and British spellings were used in all search terms.
Titles were reviewed by a single author (JBT) and
abstracts of interest were reviewed independently by two
authors (JBT and JHR). To be eligible, studies had to
examine cancer diagnosis and include data regarding
gastro-oesophageal reflux disease. Cases and controls
were required to be obtained through population-based
sampling, and histological confirmation of oesophageal
adenocarcinoma was required. Gastro-oesophageal reflux
symptoms were required to be assessed either by a ques-
tionnaire or interview; studies relying on assessment of
gastro-oesophageal reflux disease by medical chart
review, administrative diagnosis codes, or prescription
databases were excluded. Symptoms of gastro-oesopha-
geal reflux disease were defined as retrosternal burning
discomfort and ⁄ or effortless regurgitation. Relevant
manuscripts were cross-referenced to identify additional
potential studies.
Although each study matched controls to cases based
on at least age, crude odds ratios from each study were
obtained using an unconditional analysis. We estimated
the odds ratios for individuals with weekly symptoms of
gastro-oesophageal reflux disease vs. those without symp-
toms or those with symptoms less than weekly and also
for individuals with daily symptoms vs. those without
symptoms or those with symptoms less than weekly. For
meta-analysis of duration of symptoms, effects were
examined for duration greater than 20 years, and for
duration less than 10–15 years. One study did not pres-
ent results for duration.7 One presented data for catego-
ries of 20–30 years and greater than 30 years, not
permitting the ability to use the adjusted effects for both
categories combined; for that study, we used the crude
data for that stratum.4 Meta-analysis was performed
using MIX v.2.0 software (Leon Bax, Kitasato University,
Tokyo, Japan).12, 13 Fixed-effects models were tested for
heterogeneity, and exclusion sensitivity analysis was per-
formed to try to explain heterogeneous findings. As the
subjects in the identified studies were overwhelmingly
classified as of white race and as no estimates of the risk
of gastro-oesophageal reflux disease were provided strati-
fied by race or ethnicity, the results only reflect a white,
non-Hispanic population.
RESULTS
Systematic review
Our systematic review identified 13 392 citations; titles
and abstracts were manually evaluated for relevancy.
Of these, we found five studies eligible for inclusion
(Figure 1 and Table 1).3–7 Additional potential studies
were excluded because gastro-oesophageal reflux disease
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was assessed by chart review,14, 15 or because gastro-
oesophageal reflux disease was considered present if
subjects consumed antacids regardless of specific symp-
toms.16 One study was excluded because the definition of
gastro-oesophageal reflux disease did not include regurgi-
tation and the frequency of symptoms was not
reported.17 One additional potential study had been only
presented in abstract;18 attempts to obtain relevant data
through personal communication with the authors were
unsuccessful. Each study had a retrospective case-control
design. In each study design, to avoid reverse causality,
symptoms were excluded for a time period (1–10 years)
preceding the diagnosis of cancer or the match date.
Three studies estimated the association of gastro-oesoph-
ageal reflux symptoms with other relevant cancers (such
as oesophageal squamous cell carcinoma), finding no
relationship with gastro-oesophageal reflux symptoms,
thereby making recall bias an unlikely explanation of the
relationship between gastro-oesophageal reflux symptoms
and oesophageal adenocarcinoma.3–5 In all but one
study, the prevalence of weekly gastro-oesophageal reflux
symptoms in the subjects with oesophageal adenocarci-
noma was less than 50% (Table 1).
Meta-analysis of symptom frequency
The random effects summary odds ratio for oesophageal
adenocarcinoma of weekly gastro-oesophageal reflux
symptoms vs. less frequent or no symptoms was 4.92
[95% confidence interval (CI) = 3.90, 6.22], and exhib-
ited moderate heterogeneity (Cochrane’s Q P = 0.04;
Inconsistency Index, I2 = 60%) (Figure 2). Removing the
outlier study by Lagergren et al.3 resolved this heteroge-
neity (fixed effects odds ratio = 4.57; 95% CI = 3.89,
5.36; Cochrane’s Q P = 0.36, I2 = 6%). The random
effects summary odds ratio for oesophageal adenocarci-
noma of daily gastro-oesophageal reflux symptoms vs.
symptoms less than weekly or no symptoms was 7.40
(95% CI = 4.94, 11.1), and also exhibited moderate hetero-
geneity (Cochrane’s Q P = 0.01; I2 = 71%). Removing
the Lagergren study partially resolved the heterogeneity
(fixed effects odds ratio = 6.20; 95% CI = 4.95, 7.78;
Cochrane’s Q P = 0.17; I2 = 40%). In the one study
where data were available, the association between weekly
gastro-oesophageal reflux symptoms and oesophageal
adenocarcinoma may have been slightly weaker in
women than in men (men: odds ratio = 4.3, 95%
13 392 citations
13 382 excluded from review
- GERD not assessed 
- EAC not assessed 
- Not population-based 
- Redundant study samples 
5 excluded 
- Abstract only with insufficient data (1)
- GERD based on chart review (2)
- GERD based in part on medication use (1)
- Frequency of GERD not reported (1)
5 studies included
Figure 1 | Flow diagram of study selection.
Table 1 | Studies included in meta-analysis
Reference Country
Years
of OAC
diagnosis
Weekly GERD Daily GERD
OAC
cases
Sx) ⁄ Sx+
Controls
Sx) ⁄ Sx+
Crude OR
(95% CI)
OAC
cases
Sx) ⁄ Sx+
Controls
Sx) ⁄ Sx+
Crude OR
(95% CI)
Lagergren et al.3 Sweden 1994–1997 76 ⁄ 113 685 ⁄ 135 7.5 (5.3, 11) 76 ⁄41* 685 ⁄24* 15 (8.8, 27)*
Farrow et al.4 United States 1993–1995 131 ⁄67 593 ⁄78 3.9 (2.7, 5.7) 131 ⁄42 593 ⁄40 4.8 (3.0, 7.6)
Wu et al.5 United States 1992–1997 108 ⁄ 104 1097 ⁄ 250 4.2 (3.1, 5.7) 108 ⁄47 1097 ⁄95 5.0 (3.4, 7.5)
Anderson et al.6 Northern Ireland
& Republic of
Ireland
2002–2004 117 ⁄ 110 211 ⁄49 4.0 (2.7, 6.1) 117 ⁄42 211 ⁄9 8.4 (4.0, 18)
Whiteman et al.7 Australia 2001–2005 210 ⁄ 153 1384 ⁄ 184 5.5 (4.2, 7.1) 210 ⁄71 1384 ⁄57 8.2 (5.6, 12)
CI, confidence interval; OAC, oesophageal adenocarcinoma; GERD, symptoms of gastro-oesophageal reflux disease; OR, odds
ratio; Sx, symptoms.
* Data provided for symptoms >3 times per week.
 Data provided for symptoms >106 times per year.
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CI = 3.3, 5.7; women: odds ratio = 3.5, 95% CI = 1.9,
6.6).7
Meta-analysis of symptom duration
One study did not collect data on symptom duration.7
The results from the other four studies are summarized
in Table 2. For symptoms of at least 20 years, the
random effects summary odds ratio was 5.41 (95%
CI = 2.45, 11.9), but with very heterogeneous results
(Cochranes Q P < 0.01, I2 = 89%). Excluding any one
study failed to resolve the heterogeneity. For symptoms
of shorter duration (less than 10–15 years, depending on
the study), the random effects summary odds ratio was
3.05 (95% CI = 1.53, 6.08). Once again, these results
were very heterogeneous (Cochranes Q P < 0.01,
I2 = 84%), and excluding any one study failed to resolve
the heterogeneity.
DISCUSSION
We conducted a systematic review and meta-analysis of
the association of oesophageal adenocarcinoma with
symptoms of gastro-oesophageal reflux disease. The first
high-quality study demonstrating the association of gastro-
oesophageal reflux symptoms with oesophageal adeno-
carcinoma was published in 1999.3 Since then, four more
population-based studies have been published. Although
the associations in those studies have been weaker than
that described in the initial report, each study has dem-
onstrated strong associations with such symptoms, and
each with a positive dose–response relation in terms of
frequency of gastro-oesophageal reflux symptoms. Over-
all, we found that individuals with weekly symptoms
have an approximate fivefold increase in the odds of
developing oesophageal adenocarcinoma, and those with
daily symptoms have an approximate sevenfold increase
in the odds of the cancer compared with individuals with
symptoms less than weekly or no symptoms. However,
most patients with oesophageal adenocarcinoma denied
ever having symptoms of gastro-oesophageal reflux at
least weekly.
Each study found a strong relationship between
oesophageal adenocarcinoma and reflux symptoms of at
least 20 years, but the results from the studies were very
heterogeneous, with odds ratios ranging from 2.26 to
16.4. Two of the studies found little threshold effect
comparing the odds ratios for symptoms less than 10–
15 years’ duration and symptoms of greater than
20 years’ duration, both vs. no symptoms. Multiple
guidelines describe a strong association between symp-
tom duration and the risk of Barrett’s oesophagus,19, 20
but the association between duration and cancer is not
as strong as the data for symptom frequency, and it
remains unclear what duration of symptoms would be
relevant for cancer screening purposes. Additional popu-
lation-based studies examining the effect of symptom
duration and its interaction with symptom frequency for
oesophageal adenocarcinoma are needed.
1 10
Odds ratio for EAC
Whiteman
Anderson
Wu
Farrow
Lagergren
Figure 2 | Forrest plot of association of weekly GERD
symptoms with oesophageal adenocarcinoma. Odds
ratios are for symptoms at least weekly vs. no
symptoms or symptoms less than weekly. Scale is
logarithmic.
Table 2 | Associations with duration of gastro-
oesophageal reflux symptoms
Reference
GERD <10–15 years
vs. no GERD
GERD >20 years
vs. no GERD
Adjusted OR
(95% CI)
Adjusted OR
(95% CI)
Lagergren et al.3 7.50 (4.20, 13.5) 16.4 (8.30, 28.4)
Farrow et al.4 1.60 (1.00, 2.40) 2.26 (1.47, 3.47)*
Wu et al.5 2.11 (1.20, 3.69) 4.89 (3.18, 7.53)
Anderson et al.6 3.67 (1.94, 6.97) 5.11 (2.51, 10.4)
CI, confidence interval; GERD, gastro-oesophageal reflux dis-
ease; OR, odds ratio.
* Odds ratio is a crude estimate.
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Although gastro-oesophageal reflux symptoms are
clearly strongly associated with the odds of developing
oesophageal adenocarcinoma, the absolute risk of that
cancer in the population is quite low. The very strong
relative risk associated with frequent gastro-oesophageal
reflux symptoms should not be confused with the abso-
lute risk of cancer in individuals with these symptoms,
which may be quite small, and is not directly addressed
in the current study. Nonetheless, these precise estimates
of the relative risk of oesophageal adenocarcinoma
should prove useful in epidemiological models of the
development of oesophageal adenocarcinoma, and in
models of interventions to reduce mortality from this
type of cancer.
Our study was limited by the available published liter-
ature. In particular, all five studies were primarily or
entirely conducted in white, non-Hispanic populations
therefore the magnitude of the association may differ in
other populations. However, given the low baseline inci-
dence of oesophageal adenocarcinoma in some of those
other populations (e.g. Asian and African), the associa-
tion with reflux symptoms in those populations would
likely need to be much stronger than among whites for
the symptoms to be relevant to the health of individuals
of minority populations. Moreover, we were not able to
assess the possibility of interactions with other risk
factors, such as age, gender, obesity, or tobacco use.
For instance, although all of the studies adjusted the
effect estimates of gastro-oesophageal reflux symptoms
for obesity, Whiteman, et al. further demonstrated a
synergistic relationship between reflux and obesity
for oesophageal adenocarcinoma.7 Obesity might pro-
mote oesophageal adenocarcinoma independent of a
mechanical effect promoting reflux, such as via circulat-
ing adipokines.21–25
Major strengths of the study include each underlying
study was a very high quality study, utilizing population-
based sampling and strict ascertainment of both expo-
sures and outcomes, and most adjusting for multiple
potential confounders. The reason for the stronger rela-
tionship between gastro-oesophageal reflux symptoms
and oesophageal adenocarcinoma in the first published
study than in later studies is not clear. It may due to dif-
ferences in the underlying population (Swedish) vs. the
other studies (American, Australian and Irish), the ques-
tionnaires ascertaining gastro-oesophageal reflux symp-
toms, or the particular definitions used for oesophageal
vs. cardia or junctional adenocarcinomas. Moreover, the
Swedish study was the only one to adjust for diet and
physical activity.
In summary, we have conducted a systematic review
and meta-analysis demonstrating a strong, dose-dependent
relationship between frequency of symptoms of gastro-
oesophageal reflux and oesophageal adenocarcinoma.
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